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Abstract: The paper presents a possibility how to accomplish numerical and symbolic computations in
online applications and in web environment. For this purpose the computer algebra system Maxima was
used. The proposed solution is illustrated on the corresponding examples that are oriented to the area
of automation and control.
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1 INTRODUCTION

The expansion of Internet led to the development of web applications in the engineering area,
too. Many of them need to accomplish various computations that in general can be numerical
and symbolical. In the field of automation these computations are needed for solving of
differential equations, computations of control algorithms, identification, signal processing,
etc. The symbolic calculations can be used for manipulation with expressions (simplification,
factorisation, expansion), for substitution of expressions, symbolic differentiation and
integrating, etc.

It would be very reasonable that the developer that develops the web application would be not
required to implement all mathematical algorithms but he or she could use an online tool that
would be available on the Internet for each interested user. This could save him/her a lot of
time. The tool could be useful also for students that would be able to check results of their
mathematical, physical or other problems without necessity to instal an additional software on
their computer.

There are several possibilities that could be used for the above mentioned purpose. One could
start with commercional softwares where maybe the most popular are Maple, Matlab,
Mathematica. Each of them has also some kind of the support for Internet use. However, our
attention was oriented to the free available software such as Axiom, Maxima, Sage, Yacas, etc.
The disadvantage is that they are mostly available only for local installation. Therefore the task
was to find a way how to approach them online.

2 MAXIMA COMPUTER ALGEBRA SYSTEM

The advantage of the selected Computer Algebra System Maxima consists in the fact that the
introduced software is free and offered under GNU GPL license. Its development didn’t stop
and it can be supposed that it will also continue in the future. Maxima supports TeX format and
graphical results can be drawn using Gnuplot, OpenMath, PS or GeomView. The installation is
very easy, it is released for MS Windows and for Linux/BSD/Unix operating system as well.
The Maxima syntax is simple and it doesn’t require a lot time to master it. The user can find
similarities with Matlab, Mathematica and Maple that are usually taught and used at
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universities. The community around this software is also quite good and a new user can easily
incorporate in it.

Except of Maxima the introduced solution is based on cooperation with Gnuplot, LaTeX and
dvipng softwares. Gnuplot is the utility that enables to draw graphical dependences. It supports
several types of two-dimensional and three-dimensional graphs. Gnuplot is already included in
the Maxima instalation. LaTeX is the typographical system wide-spread mainly in the
scientific community. The document files have to be compiled and as the result one gets *.dvi
files that can be converted to the output printing format. The program dvipng is the convertor
that transforms files from dvi to png format. It is used mainly for the conversion of formulas to
graphical presentation. In Fig.1 it is possible to see an example of three-dimensional graphics
that is generated using Maxima engine. The numerical values for the graph are computed in
Maxima, the graph of the function is generated in Gnuplot that is called from Maxima. Then,
the conversion to png format is accomplished and the final picture is displayed on the web

page.
For the building of the web application we used XHTML, CSS, JavaScript with jQuery library
and PHP scripting language.

3 SOLUTION DESCRIPTION

To enable to use Maxima as an online application it was necessary to extent its functionality
and to build an interface that would enable to approach the program kernel via Internet. The
presented tool can be used in two ways:

» in the form of graphical online web environment where the user can solve required
numerical or symbolical mathematical tasks,

* in the form of command interface including predefined php functions that can be used in
frame of own web application to include the Maxima functionality in own solution.

Graphical online web environment

The created graphical user interface is presented in Fig.1. As it was already told it is available
online, i.e. from all pc that are connected to Internet.

The user is allowed to select the form of results visualization according to his or her personal
preferences. The resulting formulas can be visualized in the form of png pictures or in jsMath
format; they can be sorted in ascending or descending order, etc. All these adjustments can be
done in Settings part of the program environment.

Fig. 1 shows the Command Window where the user can enter Maxima commands. Results are
shown directly below the command area. The commands can be entered one after another one
or in a batch file that can be loaded via Import section of the presented environment. Maxima
enables to create programs using own native Maxima language or in Lisp programming
language. Each language can be used separately or they can also be combined together.

Together with import of files the application allows to export commands and results, too. The
user can use 3 possibilities:

. TeX file that contains only outputs in TeX format,
« Maxima file containing only inputs in Maxima format,

« LOG file that contains both inputs and outputs for the later checking of accomplished
activity.
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From Fig. 1 it is evident that the online environment includes also “Symbolic Vars” and
“History” sections. The first one that is also shown in Fig.2 gives information about variables
that are stored in the actual workspace (their names can be used in later commands) and the
second one records history of realized commands.

Command Window | | Symbolic Vars | History | Import = Export

Defined vars: none (show)
Settings

reset to default size | expand to max size
plot3d(2in(sgrt (x™~2+y"2) )/ sgrt (x"24+v"2), [x,-2*%pi, ¢*3pi], [v,-4%%pi,4%%pi])

>3 plot3d(sin(sgri{x"2+y"2))/sqrt(x"2+y"2),[x,-4*%pi, 4*%pi] [v,-4*%pi,4*%pi])
[®,—4m4dn],[y,—4 1r,4?r])

sin 4/y+2*
1
2

plotdd ( -
Vv

Function

Figure 1: Web interface for Maxima online installation

Command Window | Symbolic Vars | History Import | Export

SYMBOLIC VARS
AT matrix([1,11[22)
2B ] matix([22L0010 j

Clear Variables

Figure 2: Visualization of variables in Maxima workspace

The last feature that is to mention is the possibility to generate several versions of the TeX
format. It offers a better convenience for user when he or she would like to include the result to
the documentation or the scientific paper. All result items enable to open so called “tool tip”
from which it is possible to choose the most appropriate pattern for the TeX output. Then, it
can be copied to the clipboard by the mouse click or by the well known combination of keys
Ctrl+C. The illustration of the mentioned tool tip is shown in Fig.3.
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Clear all inputioutput

>> integrate((4*(x"5) - (12™x))(27x), x)
4z 60z

zatvorit
4' x5-60'x} \over {10} }
S{{4'x"3-60"x} over{10}}5

IS E

85{{4.x"3-60" x} \over{10} 155
({14 =" 3-60 x}over{10} 1)

S + 5+ &+ &

[{44'="3-00 x} over{ 10} }']

Figure 3: Visualization of variables in Maxima workspace

Command interface

As it was already introduced the kernel of Maxima can be used not only via the presented
online interface. It can be used as an engine in other web applications that require to run more
or less complicated mathematical calculations. Actually, the user doesn't need to know about
the existence of the Maxima environment on the server at all. In such a case the results from

Maxima are sent not to the user but they are sent back to the application

that created the

operation request. The presented tool includes methods that enable interaction between
Maxima and a new web application. These methods allow to send commands to Maxima, to

process the Maxima’s answer, to diagnostic possible errors and warnings, etc.

The example of the application that uses the Maxima functionality is shown in Fig. 4. The
application performs the transformation among several dynamical system descriptions.

Home Help

Linear Dynamic Systems

Transfers between mathematical notations

:: Entry:: @ transfer function () state space
:: Output: differential equation | | state space

14
132

F=

[ Transfer to other entries ]

Diferential equation:

Fyr3(FEr@) 2@ =5y ()4 ()

Contact

Figure 4: Front-end of the application for model description conversion

4 TECHNOLOGY

The created application was tested on the Apache server where all components mentioned in
Section 2 were installed. After submitting the request for Maxima (either from the online

4
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environment or from other web application) the commands are sent to the server side PHP
script (web-interface.php). This script validates the data and forwards them to another PHP
script (php-MAXIMA.php) that is able to send data to Maxima. Before sending it decides
whether the data represent the graph plotting command or a single equation command. If the
command is the graph plotting command it generates the filename for the image file which is
going to carry the image of the plotted graph. After that decision the script creates the shell
command string containing Maxima commands and executes it via shell exec() PHP function.

The system shell on the server gets the command and executes it by starting the installed
version of Maxima. Then, Maxima runs the accepted batch string. If the batch string contains
graph plotting commands it generates the necessary output and call Gnuplot (for 2D and 3D
plotting) or Imagemagix (for fractal plotting) applications to generate png image file from
Maxima output with the already generated filename. After that Maxima sends its output as the
text string back to the shell and the shell forwards it to the PHP script (php-MAXIMA..php).

The PHP script receives the data as the string from the shell _exec() function. The script has to
remove all unnecessary characters and then the user input and the Maxima output are formatted
into the TeX format and sent to other PHP script (web-interface.php) which generates the web
page with the Maxima output. Another possibility is that the Maxima output is sent directly to
the external web application.

Since the user can specify two formats of the displayed mathematical results (jsMath or png
images) the web-interface.php script has to distinguish between both outputs. If the
mathematical results should be displayed by jsMath tool the output is generated with the TeX
representation of received strings. Otherwise the png images of results are generated using
Mathtex and Dvipng tools. Then, all results are sent to the user web browser or to the next
application. The described procedure is illustrated in details in Fig. 5.

5 CONCLUSIONS

The introduced solution presents an alternative to the classical desktop applications. The main
motivation of this work was to design and implement an efficient tool for executing of
mathematical calculations that can be used in virtual and remote laboratories. It seems that the
tool is able to fullfil this requirement in a very positive way.
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